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ABSTRACT 



An improved color correction system, and more specifically, 
a color profiling system for a printer and scanner. Highly 
accurate device independent printer profiles are generated 
using a scanner and processing means. The process utilizes 
the simultaneous scanning of a reference target and a print 
target to produce a scanner profile. Uncompensated printer 
profile is developed using the scanner profile, and compen- 
sation transforms convert the uncompensated printer profile 
into the printer profile. 

13 Claims, 7 Drawing Sheets 
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PROFILER GENERATES INSTRUCTIONS FOR 
PRINTER TO PRODUCE A COLOR PRINT TARGET 




PRINTER DRIVER TRANSLATES INSTRUCTIONS 
INTO PRINT COMMANDS 




PRINTER PRINTS COLOR TARGET BYPASSING 
PRINTER ICC PROFILE 




REFERENCE TARGET IS COMBINED WITH THE 
PRINT TARGET ON A SINGLE SHEET 




COMBINED TARGETS ARE SCANNED 




SCAN DRIVER OUTPUTS AN RGB DATA SET OF 
THE COMBINED REFERENCE AND PRINT TARGETS 




REFERENCE TARGETS IMAGE AND PRINT TARGET 
IMAGE ARE IDENTIFIED, SEPARATED AND CROPPED 




FIG. 3A 
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PROFILER PROCESSES REFERENCE IMAGE INTO 
A LIST OF REFERENCE TARGET RGB VALUES FOR 
EACH PATCH 




REFERENCE TARGET RGB VALUES PROCESSED 
BY PROFILER TO PRODUCE SCANNER ICC PROFILE 



PRINT TARGET IMAGE RGB DATA AND THE SCANNER 

ICC PROFILE ARE PROCESSED BY PROFILER TO 
PRODUCE UNCOMPENSATED COLOR SPACE VALUES 




INFORMATION ABOUT THE PAPER, DEVICES, AND 
INKS IS OBTAINED 




UNCOMPENSATED COLOR SPACE VALUES 
ADJUSTED BY COMPENSATION TRANSFORMS 
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ACCURATE DEVICE INDEPENDENT PRINTER 
ICC PROFILE CREATED AND STORED 
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SCANNER AND PRINTER PROFILING 
SYSTEM 

TECHNICAL FIELD OF THE INVENTION 5 

The present invention relates most generally to color 
correction of computer peripheral devices, and more par- 
ticularly to a color profiling system for a printer and scanner. 

BACKGROUND OF THE INVENTION 10 

Color is defined as the perceptual result of light in the 
visible region of the spectrum. The human retina has three 
types of color photoreceptor cells for illumination, therefore, 
it is possible to define color using only three numerical 15 
components. 

The Commission Internationale de I/Eclairage (CIE) 
created a standardized system for representing color illumi- 
nations using three numerical components to represent the 
mathematical coordinates of color space. The colors pro- 20 
duced by reflective systems are a function not only of the 
colorants but also of the ambient illumination that requires 
further spectral matching. The most familiar color systems 
include CIE XYZ, CIE xyY, CIE L*u*v* and CIE L'a'b*. 

The CIE system is based on the description of color as 25 
luminance component Y and spectral weighting curves 
components X and Z. The spectral weighting curves for X 
and Z were standardized by the CIE based on statistics from 
experiments involving human observers. The magnitudes of 
the XYZ components are proportional to physical energy, 30 
but their spectral composition corresponds to the color 
matching characteristics of human vision. 

Most devices employ a device-dependent color- 
coordinate system to specify the colors, and there are several 35 
different systems in the market. The coordinate system is 
defined in a color space that maps the color coordinates to 
the color mechanism used by the device. Color space refers 
to an N-dimensional space in which each point in the space 
corresponds to a color. The cyan (C), magenta (M), yellow 
(Y) and black (K) (CMYK) color space is commonly used 
for color printers, where each point in the CMYK color 
space corresponds to a color produced using a formula for 
the CMYK colorants. The color space could be represented 
solely by CMY, but black is added as a colorant for print 45 
matter for several reasons. Printing black by overlaying 
cyan, yellow and magenta ink is expensive and time- 
consuming, and the edges of the lettering tend to blur. The 
printing of three ink layers to produce black also causes the 
printed paper to become wet requiring more time to dry. 5Q 

The red, green and blue (RGB) system is a color space 
system that is complementary to the CMYK color space. 
The RGB system is a three-dimensional color space wherein 
each point in the color space is formed by some combination 
of RGB colorants. The RGB system is typically used for S5 
computer monitors, TV screens and scanners — illuminating 
devices. 

The term color gamut is used to refer to a range of colors 
that can be produced within a color space by a particular 
device from a set of colorants. The color gamut of a device 50 
corresponds to the visible colors that can possibly be pro- 
duced by the device. 

A digitized color image is represented as an array of 
pixels, wherein each pixel contains numerical components 
that define a color. The three components are required to 65 
represent an image, and printing necessitates a fourth 
component, namely black. Color printers and color copy 
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machines typically use three or four colorants, such as 
CMYK to produce the color image. The combination mix 
and density of the colorants produce a wide array of shades 
and colors. 

While the three numerical values for digitized images 
could be provided by a color specification system, the color 
coding systems require faster processing. Several other 
systems have developed for image coding, including linear 
RGB, nonlinear R'G'B', nonlinear CMY, nonlinear CMYK, 
and derivatives of nonlinear R'G'B' such as Y'CBCR. RGB 
values can be transformed to and from the CIE XYZ values 
by a three-by-three matrix transform. 

A scanner is used for converting print mediums such as 
pictures, artwork, documents, transparencies, and photo- 
graphs into an electronic format. The scanner captures an 
image by measuring colors reflected from or transmitted 
through an image at many points and assigns numerical 
values to the colors at those points. Normally, the scanned 
image is represented as digital data, called pixels, in a 
Red -Green-Blue (RGB) representation. The pixels are 
arranged into a table of rows and columns, and contain 
information about the image such as the color information 
for a particular pixel defined as some formula of the primary 
colors R-G-B. Some scanners convert the RGB values to 
CMYK values. 

The reproduction of color information from multiple 
devices and varying environments is a common occurrence 
in the industry. Colored works are transferred among variety 
of peripheral devices and the color information processing 
systems within the various systems seek to ensure the 
accuracy of the original work. For example, a computer with 
a color monitor can interact with a colored printer, a scanner, 
digital camera, color copy machine, color facsimile and 
various other devices. As the color data passes from one 
medium to another, digital processing attempts to maintain 
a visual match within the capabilities of the devices. 

Advances in technology and computing means have made 
color reproduction systems available to the general public. 
Many desktop publishing systems employ hardware and 
software that are affordable to users that need to produce 
quality color work products. Unfortunately, the concept of 
'What you see is what you get* is normally lacking, and it is 
not uncommon to see the desired image on the monitor but 
produce a print product that lacks the quality characteristics 
desired. 

Colors produced by two different devices based on the 
same input will differ, in part because of distortion of the 
signals which occur due to nonlinear response characteris- 
tics of the electronics of the devices and the method of 
selecting a color within a device color gamut. An input 
signal representing a particular color provided to two dif- 
ferent devices typically results in the devices producing two 
different colors. This is true even when the input signal 
represents a color within the color gamuts of both of devices. 

In order to accomplish accurate color transfer, the indi- 
vidual devices employ color calibration techniques. Calibra- 
tion is necessary to set the color response of the color 
reproduction devices. The process of deriving a transform by 
comparing the device output to some reference output and 
generating a lookup table is called system color calibration, 
A transform derived for a particular scanner-printer combi- 
nation is referred to as a closed system and the process is 
called closed system color calibration. 

The purpose of the calibration is to account for the color 
differences. The color differences actually refers to numeri- 
cal differences between the color specifications and more 



07/21/2004, EAST Version: 1.4.1 



US 6,671,067 Bl 

3 4 

specifically refers to the perception of color differences in values in a three or four-dimensional LUT and using a linear 

XYZ or RGB. Perceptual uniformity concerns numerical interpolation method to interpolate between values in the 

differences that correspond to color differences at the thresh- lookup table. 

old of perceptibility. A perceptually uniform system is one cTA t^ical : pnnter^nd scanner c^bration involv^^rifiting^ 

where a small change to a component value is equally 5 (a^^xrf^c^ripatcr^^ 

perceptible across the entire range. XYZ and RGB systems ^patches-using:an;optical:iiistxiim 

are not perceptually uniform and are actually highly non- r ^^n^od:sucfi as regret 

uniform. In order to transform XYZ into a uniform standard, based-on^te^measure~d3ata7-TH^^ 

two systems developed, L*u*v* and L*a*b*, also written c r scann^ 

CIELUV and CIELAB. L*u*v* and L*a*b* improve per- io^using-ar^ptic^mstxument:and:employmg:a:ma 

ceptual nonuniformity but require highly complex compu- ~ ifili^od.sucL 

tations to accommodate real-time display. ^form.- ^ ~~ 

In most cases, an initial factory calibration creates cali- ^""There are ways to decrease the time required to calibrate, 

bradon tables that are used by the digital processing schemes including using a smaller number of sample points. This 

to make the color reproduction devices conform to standards 15 crea tes a lookup table that is much smaller and easier to 

and to compensate for drift and other changes, search during the mathematical manipulations, however the 

Various instruments and methods are used to calibrate accuracy during interpolation is much lower, 

devices for color reproduction, including densitometers and Another prior art approach is to sample a cube in the 

colorimeters. A densitometer measures the density of ink on printer color space. For example, an RGB cube in the printer 

a print patch in each of CMYK colorants. The densities are 20 color space may be uniformly sampled along the R, G and 

then compared to a scale of desired densities to produce B axis to provide a discrete set of printer color coordinates 

calibration curves. The data from the calibration curves is which are stored in a computer. These color coordinates are 

used to correct the device so that it more closely resembles provided to a printer that prints color patches corresponding 

the scale data. to the specified color coordinates. 

A colorimeter measures CIE values of color on a scale of 25 The printed color patches are subsequently fed to a 

printed patches in each of the CMYK print colorants. The scanner and scanned to provide a set of scanner color 

measured CE values are then compared with a correspond- coordinates that is a subset of the entire space of color 

ing scale of desired values to obtain calibration curves, coordinates of the scanner. Thus, a direct correspondence is 

which correct the device so that is more closely resembles obtained between the set of stored printer color coordinates 

the scale data. and the set of scanned color coordinates. 

In the field of desk top publishing, it is common to have The terms calibration, characterization and profiling are 

a scanner device as part of the office equipment rather than sometimes incorrectly used interchangeably. For purposes of 
a densitometer or calorimeter. Itjs-therefore'Conv enient t oT 7 this application, the terms are distinguished herein. Calibra- 
^use"the"scanner7tcT^librate"lhe printer. The prior art^ s tion refers to the process of deriving a transform by com- 

<; describesusing a ^ scaM^^s^^Ubrating device~ wherein paring a device output to some reference output and gener- 
^the scanner scansaprint target and-measures the densities of-7 ating a lookup table. This is a device dependent process. 
r ink deposited on the target. The system measures-the-den-— - Calibrating a device returns the device to some normalized, 

sitiesor calorimetric values of- the color "samples generated' standard, and predictable state. Therefore, calibrating a 

^by-a-printing-device.~ ^ ^ monitor, a scanner or a printer alters the behavior of that 

Although the scanner is more convenient that using the device, 

other calibration devices, the quality is usually lacking. Profiling, also called characterizing or describing is really 

Scanners operate on a linear sensitivity scale, not a loga- a description of the color capabilities of the device. Profiling 

rithmic density scale. Based on scanner deficiencies, the measures the device properties and transforms the properies 

tonal and spectral scanner outputs vary even when measur- 45 into some usable form as part of a color management 

ing the same colored object. Thus, not only would similar system. Profiling does not change the behavior of that device 

scanners produce different results, but the same scanner as with calibration, but rather compliments the calibration, 

suffers from degradation of performance over time. However, it does not preclude the need to calibrate indi- 

TcTa^omplishTcalib^ vidual devices to ensure that the process that created the 
Ca tra^form is Aised inia digital image processoT.that;maps;thC "50 characterization remains consistent, 
^color^ignals of the" scanner toj j^~ printer:color:signals:so7ir~^ Because some coloration inaccuracies are introduced 

citifaCme^Slol^prod switching between different color spaces, device pro- 
r present of the- o rigin al images.-Qften the -traiisfcrm is~imple>r.- filing is useful to correct such inaccuracies. Device profiling 

C^nte]d~b^"elnploying~a three-mmensibnal^lpjokup^table measures the inaccuracies and corrects them in a device- 

: (LUT)r~ — 5S independent color space (LAB). By working in the device 

One method to calibrate a color reproduction system independent LAB environment, improved color conversions 

includes using the color scanner, a processor, and a color between devices is possible. 

printer. This requires transforming the color space environ- To generate a profile, software is used to determine the 

ments. A first color transform is used to convert the scanner device's full color range capabilities. ^Kejgamut^of'the— - 

color signals, such as RGB signals, into color signals in a eo device~is~determined_by„measuring-the calorimetric values^ 

device independent color space. The second transform is r~for~a T set : of~kho wn color patches' of targets^The-measured^ 

used to convert color signals from the device independent cdata.is ,uaen use^ 

color space to printer color signals such as CMYK signals. ^TlieJprQ^ 

It is possible to combine the two transforms into one cfor_an^transf6rmation-mac^^ 

function implemented by the processor that directly converts 65 The International Color Consortium (ICC) created a stan- 

scanner color signals into printer color signals. The trans- dardized system for describing the color-rendering capabili- 

formations are typically implemented by storing calibration ties of any device. The ICC profile defines the gamut of the 
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device, and a measure of the color distortion. The ICC transformations, and store data. The software performs the 
profile actually has two components, the first element con- color transformations to exchange accurate color between 
tains hardware data about the device, and the second element diverse devices, in various color coding systems including 
is the colorimetric device characterization data that defines RGB, CMYK and CIEL*a*b*. In theory, the color manage- 
the manner in which the device establishes color. 5 ment system evaluates capabilities of the system and devices 
The profiles are used in conjunction with the other color- and determine the appropriate color device and color space, 
management engine and the application programs that use However present systems have significant difficulties imple- 
the profiles. The generic profiles provided by the manufac- menting such s system in a commercially feasible manner, 
turer are often based on a perfectly calibrated device, and do There have been various attempts at creating cost- 
not generally provide the accuracy required in modern 10 effective and quality color calibration systems that address 
systems. Therefore, custom profiles are utilized to enhance the aforementioned problems. U.S. Pat. No. 5,185,673 
the factory profiles and provide more accurate color repro- ( J 673) describes a closed loop system that calibrates a 
ductions. scanner to a printer. The calibration profile created by the 
The purpose of profiling is to accurately define the repro- system resides in the scan driver so the scanned images are 
ducible and repeatable gamut of a device. This is accom- 15 pre-calibrated for the specified printer. The calibration pro- 
plished by using a reference target on the device and file is created by the following steps: 
measuring the device's reproduction values Software is used \ t The scan driver creates an image with color patches, 
to build a transform that maps scanner color space values to 2 ^ image ^ sed through the priDter path until ^ 
device independent color values. The transform is typically color tches m riated 
built by using a mathematical technique such as the least 20 „ ^ ^ A t , , . 
squares algorithm with the reference data and measured 3 - ^ color P ltches are scanned ^ scanner - 
da j a 4. The system builds a profile that maps desired RGB 

A typical scanner profiling process involves scanning a vahies to RGB values that when printed will actually 

reference target that has numerous color patches. IT8 is one produce the desired RGB values, 

such reference standard. Software is used to compare the 25 5. This profile is then applied to all images scanned for the 

color reference values that accompany the target with the desired printer. 

measured values. The entire process is a comparison of This calibration scheme has the disadvantage of forcing 

reference data and measured data. the user to work with images that are calibrated for a 

Some profiling packages only profile a scanner's raw particular printer. For correct screen viewing the images 

color space while others create a corrective profile, wherein 30 must be translated from printer space to monitor space, 

a scanner driver uses the ICC profiles of the device to Images that were scanned for one printer will not work with 

incorporate the physical limitations of the device in the another printer, as the data is device dependent. Even images 

processing. scanned for the same printer will become incompatible if the 

Printers are more difficult and time-consuming to profile paper type, ink type, or some other variable is changed, 

because they do not emit light and require another device, 35 There are additional problems with the system described 

properly calibrated, to measure the color data. The printer in the '673 patent. The scanner is not profiled, and as known 

prints a target that contains the color patches. The printout in the industry, quality results requires that the scanner be 

is measured by a color measuring device, such as a properly profiled. Also, the color space of the printer is not 

spectrophotometer, and software uses the measured values RGB, and printers often have poor internal profiles that 

to build a transform that maps device independent colors to 40 result in the printing of RGB images that look very poor on 

the printer's color space. Various factors effect the printer the screen. 

color values, including paper stock, ink, temperature, and The present invention is distinguishable because it pro- 

pressure, so other variable and calculations are required for files both the scanner and the printer individually and is not 

processing. truly a closed loop system. The system produces two pro- 

The typical custom profile is produced by comparing 45 files: a scanner profile and a printer profile. Both profiles 

measured color values against reference values. For translate to and from a device independent color space, thus 

example, a scanner profile is produced by scanning a color images from the scanner are independent of any device that 

target, wherein the profiling application converts the is attached to the printer and images that go to the printer are 

scanned data into device independent values. The device independent of the printer. Images from the scanner can be 

independent values are compared to the CIE values for the 50 printed on many different printers and images from many 

reference target, and a custom profile is created to correct sources can be printed on the printer, 

any deficiencies. The reference target is normally the Similarly, U.S. Pat. No. 5,491,568 ('568) describes a 

industry-standard IT8 target that contains 264 color patches closed loop system where the scanner output is mapped to a 

plus 24 shades of gray. printer input. The primary difference is in the implementa- 

Printers are more difficult and time-consuming to profile 55 tion details, but the '568 has the same inherent problems as 

because they do not emit light and require another device, the '673 invention. The steps of the *568 patent are: 

properly calibrated, to measure the color data. The profiling i. Determine the relationship between equal printer color 

software compares the measured data to the target values signals and averaged scanner color signals, 

and produces the correction data. By comparing the mea- 2 p mduce a ^ of colof tches uniformly distr i b uted in 

sured colors with the color values, a custom profile is eo scanQer ^ &pace Qn the printef 

d 7Sr management system comprises interconnected 3 ' Scan thc P atches with scaDncr ' 

devices such as a scanner, monitor, printer, and computer, 4. Produce a look-up table from printer to scanner, 

with a software application that handles the color reproduc- 5. Invert the look-up table to go from scanner to printer, 

tion between the application and various color devices. The 65 U.S. Pat. No. 5,809,213 presents a system that is similar 

system interacts with the processing means and the memory to both the *568 and '673 systems. It uses a scanner and 

means of the system to control the devices, process printer to calibrate the path from the scanner to the printer. 
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It includes non-linear interpolation and gamut mapping calibrating the scanner only to the printer, not with more 

techniques. As with the other systems, it does not solve the common photographic materials or reflective works, 

problem of accurately calibrating the scanner that would Providing efficient and accurate color reproduction 

likely result in color reproduction problems. remains a problem because of numerous difficulties 

A color matching system that uses a device independent 5 described herein. What is needed is a practical and simple 

color space to map colors from one device to another under means to produce a printer profile. There should be a color 

different viewing conditions is shown in U.S. Pat. No. reproduction system that provides reproduced colors that 

5,754,184. Similar systems are common and supported by match the original colors. This system would provide color 

the industry standard ICC specification. matching to be performed between a scanner and a printer 

In U.S. Pat. No. 5,760,913 ('913) a system that calibrates 10 without the use of expensive additional photometric equip- 

a printer by using the scanner as a densitometer is discussed. ment such as a spectrophotometer. The profiling results 

The scanner is used as a densitometer by scanning an image should be device independent so that the equipment can be 

with known densities and building a look-up table that substituted. The profiling should also be preformed in a 

translates RGB values to density. Patches composed of single step to reduce the time required for profiling and to 

separate inks at different levels are printed and measured by 15 avoid any scanner-setting errors, 
the scanner. These measurements are then used to calibrate 

the printer. SUMMARY OF THE INVENTION 

The '913 system does not actually characterize a printer. The purpose 0 f the invention is to provide a color repro- 

The '913 system uses the scanner to return a printer to a duction systcm tnat addrcsses the aforementioned problems, 

known state so a pre-built table will function correctly— a 20 The present invention produces accurate printer ICC profiles 

calibration function. In distinction, the system of the present from a ^ prcscnt systein also pro duces a scanner 

invention uses the data from the scanner to actually build the ICC profilC) howevcr tne scanner profile is not a requirement 

types of tables that accurately reproduce the color values. of thc mventioili Ascanner profile is created that can be used 

In the '913 patent a simultaneous scanning method is tQ proccss images mtended for my output device. A printer 

described wherein the pnnted calibration image and the gray 25 profile ^ created that caQ be used to print images from any 

scale test strip are scanned simultaneously to overcome scan SQWce Using a scanner compensation table allows any 

to scan error and to reduce the number of user steps in the scanne r to function more closely to a spectrophotometer and 

calibration process. One of the distinctions between the J 9 13 ensures more accurate data collection than can nor- 

method and the present invention method is that the patches mally ^ obtamed fr om a scanner. 

measured by the '913 system can only be used to re-calibrate 30 . it _ , . « . • , . . . 

tf , . J t - £ « i_ * * ii_ jj ' r, Another obiect of the invention is to scan the scanner 

the devices, not fully characterize the devices like the 1M _ 4 . , . . r .~ mrt *=rrzrrmr\ 

3 calibration target at the same time as the <pnntep calibration ^ 

present invention. ^target^and use these targets to fully calibrate both the 

U.S. Pat. No. 5,271,096 (096) describes a method of ^ , . , _ & . , + J t . , 

,. A . it I-, * j • , , scanner and prmter. Scanning both targets simultaneously 

adjusting the calibrations of a scanner and a printer by . .„ ^ r **■ *l 

J . fe . ,., 4 . . . • *if j ^ significantly reduces scanner-setting errors, ensures the 

scanning in calibration images and comparing the scanned 35 ~ j . . , , . , , 4 . t 

, , 4 B . , , j al • . j. , it. * a , color data m both targets is measured under identical 

data to previous data. In this embodiment the system first . A , ° 

r A . ± . At _ . . . ' conditions, and decreases the profiling process, 
scans a calibration target with known color values, compares ' r » r 
the scanned values with the known values and produces ^ ob J ect of the invention is the compensation color 
calibration data. Then it prints calibration patches, scans the transform that improves the quality of the color reading 
patches, and compares the scanned patches to previously 40 produced by the scanner. The compensation transform corn- 
printed patches and produces calibration data. Finally, it P ensates for te difference between how a scanner scans a 
combines the two sets of calibration data to produce data that photographic target and how it scans a pnnted target. Pho- 
calibrates both the printer and scanner. tographic and printed materials all have unique spectral 

A fundamental difference between the '096 system and properties that a scanner is sensitive to and can measure. The 

the present invention is that the '096 patent compares 45 differences between photographic and pnnted materials are 

calibration data when calibrating a printer. The present often large enough to cause a scanner that has been properly 

system produces a printer profile by understanding how the calibrated for photographic material to misread pnnted 

printer produces a particular color and then building a table material. The algorithms of the present invention map the 

that allows that color to be printed. The '096 system also has same RGB value b° m a scaimer t0 different CIEL*a*b* 

no simultaneous scanning or compensation table. 50 values when the RGB vahies ^ P atches with 

Other commercial products have tried to alleviate the different ink values, 
aforementioned problems. The company X-Rite displayed a An object of the invention is a scanner system comprising 
public a color calibration system that uses the combination a physical scanner, scanner driver software, scanner ICC 
of a color measurement device such as a spectrophotometer profile, central processing unit (CPU), storage means, 
and a scanner to calibrate a printer. With this system, color 55 monitor, printer, printer driver, printer ICC profile, profiling 
patches were first printed with a printer. A very small application, sets of compensation transforms, an IT8 pho- 
number of the patches were then read with the measurement tographic target, and a print target printed by the printer, 
device and then the entire set of patches was read with the wherein the scanner ICC profile is produced by the corn- 
scanner. The patches that were read with the measurement pensation transforms. The print target and photograph target 
device and the scanner was used to calibrate the scanner and 60 are scanned simultaneously and the profiling algorithms 
the calibration of the scanner was then used to modify the calculate accurate printer ICC profiles, 
entire patch set so that a printer calibration could be made. ^^o^gflgoCTr^ 

The X-Rite system has the advantage of calibrating the < profilmg J - comprising 

scanner and printer with just one scan and also calibrating pli^|pffi^-lWQ60"scari^ 

the scanner to the printer. However, the X-Rite system 65 produce"aTc^)fnr>ine"d -target,- scanningzthe - co mb inecVtarget, 

requires the use of an expensive measurement device. In processmg~the ~ scanrie r - data- to - produce ~ az scanner- ICCs^ 

addition, the X-Rite system also had the disadvantage of profile ._p r ocessing-the- prin ter- dat a- to - pro duce device inde- 
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<pJndenL color- valuespselecting a compensation transform, An additional object is a method of profiling a color 

and_building.a,printer^ICC„profile.___^ printer using a scanner comprising the steps of printing a 

^Additional-object is the-generation of a^scanner profile P rint tar S et on said color printer, placing a reference target 

that can be used to process images intended for any output onto the P rmt tar S et to P roduce a combined tar S e > and 
devic^^EulthermoreTarprmter pronle-isxreatednharcanbe-^ scanning the combined target on the scanner to produce a 

-£~z -• — ~ scanned image. The scanned image comprises reference 

cusedsto-prinUmagesfrom-any-source.-^ 4 , . 6 , . , . 4jJ n 8 * iL c 

r =r** ■> . ■ target data and print target data. Processing the reterence 

^Yehanother-object-is the-nse of ^s canner-com pensation targct data pro d UC es a scanner profile, and processing the 

^ble^hjt^lc^^ -to a print target dala ^ thc scanner profile produces an uncom- 

spectro|>r^tom pensated printer profile data. The next step requires adjust- 

gollection Jhan. can.norjma%-be,obta med,froj^ 1 0 mg tn e uncompensated printer profile data using a compen- 

An objecf^f the invention includes scanmng~both~the satioo transform. Finally, building a printer profile and 

reference target and the print target simultaneously thereby storing the printer profile. ... 

reducing scanner-setting errors and ensuring the color data c^A^urther object whcrein'thTpnnting is performed without^ 

in both targets is measured under identical conditions, ^uang-a-pritifcrprof^ 

Scanning simultaneously, these targets can be used to fully 15V ' Another object wherein the reference target is an '11*8. 

calibrate both the scanner and printer. . Yet a further object wherein the compensation transform 

Another object of the invention is a method of creating a * X^^^jJ^ ^r^^o^S^" transform 

compensation transform that uses the least squares ^algorithm ensates for ink differences. This is crucial for the 

to solve the equation y-Ax where x is an array of CIELAB M n{ inycnXion to producc me compensation transform. A 

values from the calibrated scanner, y is an array of com- fether object compensates for paper differences, 

pensated CIELAB values, and A is a matrix that transforms M Qb - manually croppin g the combined 

between x and y. The x array currently contains non-lmear target 0f automatic cropping of the combined target, 

combinations of the CIELAB values. The array x is defined A further object ^ for mpuU i ng data for the compensation 

as: 25 transform, wherein such data represents the user's device 

x[0]=L type, paper type and/or ink type. 

x[l]=a Another object is wherein the uncompensated printer 

x[2]=b profile data is expressed as device independent colorspace 

x[3]=L 2 values - 

xT41— a 2 30 ^ °^ ect °^ tne invention is a method of producing 

*rgi_k2 compensation transforms comprising the steps of generating 

^ *~ a plurality of color reference patches, scanning the patches 

to produce scanned color space values, measuring the 

x[7]=Lb patches with an optical measuring device to produce mea- 

x[8]=ab 35 sured color space values, creating a compensation table from 

x[9]=L 3 the scanned color space values and the measured color space 

x[10]=L 2 a; v al ues - 

jj- j j ] = L 2 b. ^ et anomer object is a method, wherein the compensation 

xTl21-La 2 ' transform for CMYK inks with linear interpolation is pro- 

*f ' 40 cessed using the formula y=af 0 (x)+(l-a)f 1 (x). 

J !~ * 2 ' An object includes an optical measuring device that is a 

x[14J=Lb ; spectrophotometer. 

An object of the invention is for a color profiling system 
x[16]=a b for producing a device independent printer profile compris- 
x[17]=ab 2 ; 45 ing a printer section having a printer driver and a printer 
x[18]=b 3 ; device, wherein said printer device prints a print target. A 
The matrix A is computed by using the calibrated scanner scanner section having a scanner driver and a scanner 
and spectrophotometer data with the least-squares algo- device. A combined target with the print target and a 
rithm. reference target, wherein the combined target is scanned by 
A further object of the invention is another method of so the scanner device to produce a combined target data. A 
creating the compensation table that takes into account the processing section for processing the combined target data, 
fact that scanners read different inks and paper types differ- wherein the processing section produces a scanner profile 
ently. A printer with more than three inks is generally and uncompensated printer color patch readings in device 
capable of printing exactly the same color with more than independent colorspace values. A compensation transform 
one different combinations of ink. Unfortunately, these 55 module for transforming the uncompensated printer color 
different ink combinations may not be read the same by a patch readings into compensated printer color patch read- 
scanner because of the spectral differences of the inks. In ings. A processing section for processing the compensated 
addition, the scanner can see different colors as the same printer color patch readings into a printer profile, 
because of the differences in the inks. This embodiment of Still other objects and advantages of the present invention 
the compensation transform uses different transforms for 60 will become readily apparent to those skilled in this art from 
different combinations of inks and takes advantage of the the following detailed description, wherein only a preferred 
fact that the ink values for each patch in the print target are -embodiment of the invention is described, simply by way of 
known. illustration of the best mode contemplated for carrying out 
A further object is to provide a color reproduction system the invention. As will be realized, the invention is capable of 
suitable for the graphic arts, such as printings, sign making, 65 other and different embodiments, and its several details are 
and color correction, and also for medical imaging, and capable of modifications in various obvious respects, all 
color imaging applications. without departing from the invention. 
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BRrEF DESCRIPTION OF THE DRAWINGS 

The present invention will be readily understood by the 
following detailed description in conjunction with the 
accompanying drawings, wherein like reference numerals 
designate like structural elements, and in which: 

FIG. 1 is a block diagram of a prior art profiling system. 

FIG. 2 is a block diagram of a present invention profiling 
system. 

FIG. 3(a)(6) is a flow chart of the profiling process. 
FIG. 4 shows reference patches generated for a CMYK 
device. 

FIG. 5 depicts the building of the compensation trans- 
forms. 

FIG. 6(a)(b)(c) shows the process used to fill in the table. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Aprior art profiling system is illustrated in FIG. 1, having 
a printer section 5 containing a printer 10, an associated 
printer driver program 20 and a printer ICC profile 30. The 
printer driver 20 is the interface between the user and the 
printer section 5, and has the software commands to control 
the printer 10, The printer ICC profile 30 contains data and 
information that is used by the digital processing schemes to 
make the color reproductions. A scanner section 60 has a 
scanner device 70, a scanner driver 80, and a scanner ICC 
profile 90. The computer or CPU 100 is the processing and 
memory means for the system and is interconnected to the 
various components, which may include any number of 
image source devices such as a digital camera, internet 
access, DVD, and CD-ROM. A monitor 95 provides the 
visual interface to the user and a monitor ICC profile 105 
provides the color correction for the display. 

In a prior art operation, the CPU 100 sends a print 
instruction to the print driver 20 that represents the color 
print target 40. The print driver 20 issues the print command 
for the color print target 40, wherein the RGB data repre- 
senting the print target is altered by the printer ICC profile 
30, and the corrected print target 40 is printed by the printer 
10 as the output image. 

The scanner 70 scans the print target 40, to produce a 
digitized print target image. The digitized print target image 
goes through the scanner driver 80 and the RGB digital data 
is altered by the scanner ICC profile 90. The corrected digital 
print target data is then processed by the CPU 100 wherein 
a software application compares the color space values of 
the print target data to the color space values some reference 
target. Based on this comparison, device dependent correc- 
tion profile data is calculated and stored and used as the 
printer ICC profile 30 for all further printouts by the printer 
10. 

Scanner calibration is accomplished by scanning a refer- 
ence print target 50 with the scanner 70. The digitized 
reference target image goes through the scanner driver 80 
and the RGB reference target digital data is altered by the 
scanner ICC profile 90 to account for scanner errors. The 
corrected reference target digital data is then processed by 
the CPU 100 wherein a software application compares the 
color space values of the scanned reference target data to the 
color space values of the reference target that accompany the 
reference target and are usually obtained in a factory setting 
using a spectrophotometer. Based on this comparison, 
device dependent correction profile data is calculated and 
stored to customize the scanner ICC profile for all future 
scanning by the scanner 70. 
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A representation of the profiling system of the present 
invention is illustrated in FIG. 2. Printer section 5 contains 
a printer 10 with an associated printer driver program 20. 
The printer driver 20 is the interface between the user and 

5 the printer 10, and has the software commands to control the 
printer 10. In the profiling system, the printer ICC profile 
140 is bypassed to produce a raw printout. 

The central processing unit (CPU) or computer 100 is 
interconnected with the printer section 5. The profiler 110 is 

10 a software program resident in the computer 100 and com- 
municates with the printer 10 through the print driver 20 to 
produce a color print target 40, without profiling.-The print 
(target 40 is typically"aset"of "color patches, and isoriented y 
< onto the same page 45 as the reference target 50. In one 

15 embodiment the reference target 50 is attached to the lower 
half of the page 45 with tape. Other locations and securing 
means are well within the scope of the invention. /The / 
<reference:target:50 is^predetermined standard that comes r 
Cwith coloTspace values, and is used in conjunction with the T 

2 9"profiling.software 110 to create a scanner ICC profile 130 as M 

CJLwelTas provide '^e.TeTereaceiorme.pddterlCCprofiile 140.^ 
The scanner section 60 contains the scanner assembly 70, 
and the scanner driver 80. The combination of the scanner 70 
and the scanner driver software 80 produce an RGB image 

25 of the image that is scanned. As shown, the combined 
reference target 50 and the print target 40 are scanned 
simultaneously to produce an RGB image that is processed 
by the profiling software 110. The combined image may be 
cropped on the monitor 95 manually, or it may be automati- 

30 cally cropped to isolate the two images from the single 
scanned image. The profiler 110 processes the reference 
target data to produce the scanner ICC profile 130. 
^The print target data is processed by the profiler Up using ~> 

35 tlie scanner ICC profile 130 to^roduce uncompensated color 17 

< space values. The/ profiling software 110 processes the 
uncompensated print target data using compensation trans- 
forms 150. Compensation transforms 150 are created for a 
scanner by using print targets 160 on various types of paper, 
and varying inks to assemble a list of different print possi- 
bilities. cThe pr mOargets -1 60 "are ^measured" by~bptical 
instruments _-ljro_such_:asra7'sp^ 

^scanned -by^a- scanner- 1 70" to-p_roduce~tablesrl 90~fof-the 
£ 2^£idus^nks: and papef-typesT 

45 t^e-profiler„110-producesXnew^c^i^ICC profilel30 
_and_a new printer ICC profile-140 to^produc^accurateiprin^ 
reproductions. The printer ICC profile i T40~is communicated 
v -is-stored~and~utilized by the printer section 5. The scanner 
ICC profile 130 is stored and used by the scanner section 60 

50 to produce accurate reproductions. 

The steps of the present invention are depicted in FIG.'s 
3(a) and 3(b). In the first step 200, the profiler generates an 
instruction set for a set of color print patches for the print 
target. These print patches provide a representation of the 

55 entire color space of the printer. For an RGB printer, the 
patches might contain every possible combination of red, 
green, and blue where the red, green, and blue inks can only 
have the values of 0, 32, 64, 128, 160, 192, 224, or 256. Such 
a patch set would have 512 patches. 

60 The instruction set for these patches are passed to the print 
driver in the next step 210, andthen sent directl y to the 
printer for printing the target 220. It is^referfe^^fTBe sprinter y 
^dqy ^trans latesTthei'm^ 
issues-^hejn^io^ 

65 C profiling.-The print target should be printed with no profiling 
because the present system replaces the profiles, and because 
most profiles reduce the color gamut that a printer can print. 



07/21/2004, EAST Version: 1.4.1 



US 6,671,067 Bl 

13 14 

A profile built on top of such a profile is inferior to a profile possibilities. The print targets are measured by optical 

built without such a profile. instruments such as a spectrophotometer and also scanned 

There are certain situations in which a profile can not be by the scanner to produce tables that are used as part of the 

bypassed, such as when printing occurs through the standard comp ensatio n t ransform. 

print driver of an inexpensive home printer. Most of these * dHS^SnpuWlFffi^ 

printers use CMYK inks, but the print drivers are RGB. The a^usercji n^irjput^ compensation trans- 
RGB to CMYK transform is a profile that can not be form is applied to the uncompensated CIEL*a*b* values 
avoided. In other cases, a built-in profile might produce 300. The compensation transform compensates for the errors 
better results because of some non linearity of the printer that are common to how most scanners read the particular 
that can not be captured by the print target. 10 m fc paper combination being used. Since different ink 
In the next step 230, the print target and the reference and paper combinations cause different errors, compensation 
target are placed on the same sheet. In the preferred ernbodi- transforms address this problem. 

ment an IT8 reference target is taped to the lower portion of ^-Qnee-the-user selects-topropeTties-of the-printer such^as/ 

the print target sheet. Combining the targets prevents many f-the inks and' pa^e^y^, 1^ 

significant scanner setting problems (such as auto white 15 ~ foe^uncompensated-GI^a^^ 

balancing) from damaging the readings. The reference target the~a3m pens^ 

has an associated data file that specifies the CEL*a*b* ^fo:bujid:a ^^ 

values of its color patches which are obtained in a factory prinlej ^If^czcomp^satio^ 

setting. <fbr:thc:scanner-errorsrtbe-printerpro^ 

The combination of the reference target and the print 20 ( Jiccuraje j: as^prpfi^ 

target on single sheet of paper is scanned by the scanner 240 The compensation transforms are typically created at the 

and a data set of the combined reference target and print factory by printing print targets using many combinations of 

target is generated. Next, 250 the scanner output data set paper, inks, and printers. Each print target is read by a 

passes through the scan driver resulting in an output that is spectrophotometer or similar device and scanned by a cali- 

an RGB image with the combined targets. brated scanner. The data from the spectrophotometer and the 

The reference target and the print target are located and calibrated scanner is combined to form the tables for the 

identified from the single image 260. In one embodiment the compensation transform. 

two targets are cropped either manually or automatically. i n the present invention, compensation transforms are 

Manual cropping is accomplished by displaying the image 3Q created and are applied to the uncompensated CIEL*a*b 

on the monitor, wherein the user places crop points on each d ata that results from processing of the print RGB data with 

of the corners of the reference target and the print target. the scanner ICC profile. Although there are various methods, 

Automatic cropping uses a software algorithm to identify the two methods of creating the compensation transform are 

respective targets. With proper alignment and described in the preferred embodiment, 

standardization, it is possible to eliminate cropping by 35 A first me thod of creating the compensation transform for 

having the locations of the targets predefined. ^ pfesent ^ the least squares a ig 0rithm to 

The reference target image is processed in step 270 to solve me equa tion y-Ax where x is an array of CIELAB 

produce a list of reference target RGB values for each patch. values from the ca iib ra ted scanner, y is an array of com- 

The reference RGB values are processed by the profiler to pensa t e d CIELAB values, and A is a matrix that transforms 

build a scanner ICC profile 280. This scanner ICC profile ^ between x and y. The x array currently contains non-linear 

allows images to be scanned very accurately by the scanner. combinations of the CIELAB values. The array x is defined 

However this is not the only purpose of the scanner ICC ^ 

profile. " bL 

The scanner ICC profile is also processed with the printer _ ^ 

RGB values in step 290 to produce uncompensated 45 x *- J" a 
CIEL*a*b* values. The transform that was used to create the 

x[2]-b 

scanner ICC profile may also be used. In large part, these x[3]«L 2 

CIEL*a*b* values are now independent of individual dif- x[4]=a 2 

ferences between scanners. Any errors in the data are x[5]=b 2 

common to most scanners. 50 x[6]=La 

In order to adjust the uncompensated values, information xr7l=Lb 

about the paper, inks, and possibly even the device are ^ J. 

required. This is one of the essential elements that distin- ^ -" =a 3 
guishes the present invention from the prior art. Although 

there are some systems that perform profiling functions, 55 x[10]-L 2 a 

none of the prior art systems utilize information about the x[ll]=L 2 b 

paper, inks or device types in the profiling, and this infor- x[12]-La 2 

mation allows the present system to produce highly accurate x[13]=Lab 

scanning. x[14]=Lb 2 



x[15]= 



The compensation color transform improves the quality of 
the color reading produced by the scanner. For example, the 

algorithms of the present invention map the same RGB x[16J=aT) 

value from a scanner to different CIEL*a*b* values when x[17]-ab 

the RGB values come from patches with different ink values. x[18]=b 3 

Compensation transforms are created by generating print 65 The matrix A is computed by using the calibrated scanner 

targets on various types of paper, varying inks, and possibly and spectrophotometer data with the least-squares algo- 

even various devices to assemble a list of different print rithm. Although least-squares algorithms are well known in 
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the industry, the implementation of the algorithm at this out of gamut regions are shown for K=100 (470), K=50 
juncture of the process is distinctive. (480) and K=0 (490). The compensation transforms are built 
The second method of creating the compensation table is in two stages. The first stage is to build the in gamut parts 
more complex, and takes into account the fact that scanners of the transforms. The in gamut parts are those CIEL*a*b* 
read different inks in a different manner. A printer with more 5 values that are in the color gamut of the printer for the ink 
than three inks is generally capable of printing exacdy the values of me transform. As illustrated, the gamut is smaller 
same color with more than one different combinations of when more K 15 added » 85 represented in the larger in gamut 
ink. Unfortunately, these different ink combinations may not at . i . . t . . , 
be properly read by a scanner because of the spectral , For me purpose of explain^ 
j-ff t *u • 1 t aa\- *u Jin it will now be assumed that the transform takes the form of 
differences ot the inks. In addition, the scanner can read 10 tU «. . . , , „ , A /nr . T TTryA ™ „ TIIT 
iL , j.^r . iL a three-dimensional look up table (3D LUT). The 3D LUT 
different colors as the same because of the differences ,n the unco ma F ted C IEL*a*b* values to corn- 
inks. The transform that uses the equation y=Ax could * ated C IEL*a*b* values. 

therefore never produce accurate results since two identical ^ m gamu( part of ihc 3D LUT ^ buiU by first fiuing 

input values would need to produce two different output in the m gamut parts of me table ^ process ^ t0 fiu in 

values. . 15 the table is illustrated in FIG/s 6(a), (b) and (c), and for 

A second embodiment of the compensation transform illustrative purposes the CMYK color space is utilized, Each 
solves the problem by using different transforms for differ- patch in the printer reference target is created with a unique 
ent combinations of inks. This embodiment takes advantage CMYK value. For any transform, the patches in its cube all 
of the fact that the ink values for each patch in the print have unique CMY values and the same K value. When these 
target are known. FIG. 4 illustrates how the reference 20 patches are read by a scanner and a spectrophotometer, each 
patches are generated for a CMYK device, although the CMY is matched to a scanned CEL*a*b* value and a 
invention works with other color spaces. When the reference CEL*a*b* value from a spectrophotometer. This matching 
print patches at the factory are created, the patch sets are is used to build a forward transform from the CMY values 
composed of cubes of the primary inks (typically CMY). t0 the CiEL*a*b* values as shown in FIG. 6(a). 
The reference CMYK print patch 400 is printed for a K-0 25 The forward table from CMY to scanned CIEL*a*b* 
patch 410, a K-50 patch 420, and a K-100 patch 430. Each values is inverted to produce a CIEL*a*b* to CMY trans- 
additional ink has a set of cubes associated with it. In FIG. form m FIG - 6 ( b )- When this inverted transform is combined 
4, black has three cubes for the three values of black to be with the forward CMY to spectrophotometer CIEL*a*b* 
used in the patches. Additional inks beyond black would transform, a scanner to spectrophotometer transform results 
require the use of cubes for black, the additional ink, and 30 as shown in FIG. 6(c). This transform is used to fill in all of 
combinations of black and the additional ink. the in g amut parts of the 3D LUT. 

For each value of Kin the patches (3 values are illustrated The out of g amut P^ts of the 3D LUT are filled in by 

410, 420, and 430), all combinations of CMY at certain step using the in gamut data points in the current transform 

sizes are included. These combinations of CMY patches combined with the in gamut points from other transforms, 

form CMY cubes 440, 450, and 460. If a CMY cube has step 35 These data points are used with, for example, the least 

sizes of 0 and 100, the CMY patches in the cube would be squares algorithm, to build a set of transforms. Least square 

(0, 0, 0), (0, 0, 100), (0, 100, 0), (0,100,100), (100, 0, 0), transforms used near in gamut LUT points primarily use 

(100,0, 100), (100, 100,0), and (100, 100, 100). The CMYK P oint s from the current ink value 3D LUT Least square 

patches that are printed are organized into groups that transforms used far away from in gamut points use more 

correspond to the different levels of K Each group has the 40 data points from other ink value 3D LUTs. When all of the 

same K value and the CMY values from the CMY cube. dat a points of the 3D LUT have been filled in, all of the out 

For each of the cubes in the reference print patches, a of gamut points are smoothed. Smoothing the points ensures 

compensation transform is created. When the compensation that the in gamut and out of gamut points match, and there 

is being performed, CIEL*a*b* values from the scanned a ** e various smoothing algorithms available for smoothing, 

print patches are run through the multiple transforms. The 45 Once the compensation tables are generated, the infor- 

final output value is then calculated by interpolating the mation is made available to the profiling system to adjust the 

output of the transforms based on the original ink values uncompensated CIEL*a*b values. The compensation tables 

used to create the print patches. For an implementation for can he provided to the user as a software package or 

CMYK inks that uses linear interpolation, the equation of downloadable from the Internet. 

the transform in this preferred embodiment could be 50 It is well within the scope of the invention to incorporate 

expressed as: varying color spaces and image sources. The present inven- 
tion has been particularly shown and described with respect 

y-afo{*)*{i-*)fi(x) to certain preferred embodiments of features. However, it 

where y is the compensated output, x is the uncompensated s u bould be a PP arent to of ordinarv skm « * he art 

input, f 0 (x) is the transform for the first K cube, f ,(x) is the 55 that various changes and modifications in form and details 

transform for the second K cube, and a is a scaling factor ma ? be made without departing from the spirit and scope of 

determined by the print patch K value that indicates where the invention. Additional objects and advantages of the 

the ink value is between the ink values for the first and P resent ™™ Uon m ^ be further realized and attained by 

second transform. The equation for a is: means of the instrumentalities and combinations all within 

60 the scope of the claims. The drawings and description are to 

a=(k-k o )/(k 1 -k 0 ) 5 e regarded as illustrative in nature, and not as restrictive, 

where k is the K value for the scanned print patch, ko is the Wnat is claimed is: 

K value for the first transform, and k, is the K value for the 1- A method of profiling a color printer using a scanner 

second transform. Note that only the transforms just above comprising the steps of: 

and just below the scanned print patch K value are used. 65 printing a print target on said color printer; 

As illustrated in FIG. 5, the CIEL*a*b values can be placing a reference target onto said print target to produce 

represented as a slice for each value of K. The in gamut and a combined target; 
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scanning said combined target on said scanner to produce 

a scanned image, 
wherein said scanned image comprises reference target 

data and print target data; 
processing said reference target data to produce a scanner 

profile; 

processing said print target data with said scanner profile 
to produce uncompensated printer profile data; 

adjusting said uncompensated printer profile data using a 
compensation transform; 

building a printer profile; and 

storing said printer profile. 

2. A method according to claim 1, wherein said printing 
is performed without using a printer profile. 

3. A method according to claim 1, wherein said reference 
target is an IT8. 

4. A method according to claim 1, wherein said compen- 
sation transform is processed using least squares. 

5. A method according to claim 1, wherein said compen- 
sation transform compensates for ink differences. 

6. A method according to claim 1, wherein said compen- 
sation transform compensates for paper differences. 

7. A method according to claim 1, further comprising the 
step of automatic cropping said combined target. 

8. A method according to claim 1, further comprising the 
step of manually cropping said combined target, 

9. A method according to claim 1, further comprising the 
step of inputting data for said compensation transform. 
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10. A method according to claim 1, wherein said uncom- 
pensated printer profile data is expressed as device indepen- 
dent colorspace values. 

11. A color profiling system for producing a device 
5 independent printer profile comprising: 

a printer section haying a printer driver and a printer 
device, wherein said printer device prints a print target; 

a scanner section having a scanner driver and a scanner 
device; 

io a combined target with said print target and a reference 
target, wherein said combined target is scanned by said 
scanner device to produce a combined target data; 
a processing section for processing said combined target 
data, wherein said processing section produces a scan- 

15 ner profile and uncompensated printer color patch 
readings in device independent colorspace values; 
a compensation transform module for transforming said 
uncompensated printer color patch readings into com- 
pensated printer color patch readings; and 

20 a processing section for processing said compensated 
printer color patch readings into a printer profile. 

12. A color profiling system according to claim 11, 
wherein said print target is printed without using printer 
profiles. 

25 13. A color profiling system according to claim 11, 
wherein said compensation transform uses a least squares 
method. 
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